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L n is a peptide of n amino acids that [link] links El to E2 or E2 to El, and wherein expression of 
the fusion [protein] is under the control of a single promoter resulting in expression of both 
catalytically active El and E2. 

6. (Amended) The fusion of claim 1 expressed in [a] bacteria. 

Remarks 

Claims 1-6 are pending. Claims 1 and 6 have been amended to correct informalities. 

The present invention is directed to the construction and expression of fusion enzymes 
for the production of polymer, where the enzymes are specific bacterial enzymes, and the 
polymer is polyhydroxyalkanoate. The examples disclose the fusion of the multimeric enzymes 
requiring the use of cofactors and which interact to synthesize polymer (page 5, lines 21-23). 
Rejection Under 35 U.S.C. § 112, first paragraph, enablement 

Claims 1-6 were rejected under 35 U.S.C. § 112, first paragraph, as not being enabled. 
Applicants respectfully traverse this rejection to the extent that it is applied to the claims as 
amended. 

The Court of Appeals for the Federal Circuit (CAFC) has described the legal standard for 
enablement under § 1 12, first paragraph, as whether one skilled in the art could make and use the 
claimed invention from the disclosures in the patent coupled with information known in the art, 
without undue experimentation (See, e.g., Genentech, Inc. v. Novo NordiskA/S, 108 F3d at 165, 
42 USPQ2d at 1004 (quoting In re Wright, 999 F.2d 1557, 1561, 27 USPQ2d 1510, 1513 (Fed. 
Cir. 1993); See also In re Fisher, All F.2d at 839, 166 USPQ at 24; United States v. 
Telectronics, Inc., 857 F.2d 778 (Fed. Cir. 1988); In re Stephens, 529 F.2d 1343 (CCPA 1976)). 
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The fact that experimentation may be complex does not necessarily make it undue, if the art 
typically engages in such experimentation (M.I.T. v. A.B. Fortia, 11 A F.2d 1 104 (Fed. Cir. 
1985)). In addition, as affirmed by the Court in Spectra-Physics, Inc. v. Coherent, Inc., 827 F.2d 
1524 (Fed. Cir. 1987), a patent need not teach, and preferably omits, what is well known in the 
art. 

The claims are drawn to a fusion protein having a formula of El-L n -E2 or E2-L n -El . The 
cited enzymes, El and E2, catalyze successive reactions in a polyhydroxyalkanoate biosynthetic 
pathway and are each selected from the group consisting of (5-ketothiolases, acyl-CoA 
reductases, polyhydroxyalkanoate synthases, poly(3-hydroxybutyrate) synthases, phasins, enoyl- 
CoA hydratases, and beta-hydroxyacyl-ACP::coenzyme-A transferases. These enzymes are 
known and well characterized. Their sequences are available in public databases and their 
sources are cited in the specification. The reagents and methods required for the functional 
expression of the genes encoding specific polyhydroxyalkanoate biosynthetic pathway are more 
than adequately described in the specification. Actual working examples provided in the 
specification. 

The enzymes are limited to a very specific group: P-ketothiolases, acyl-CoA reductases, 
polyhydroxyalkanoate synthases, poly(3-hydroxybutyrate) synthases, phasins, enoyl-CoA 
hydratases, and beta-hydroxyacyl-ACP::coenzyme-A transferases, all having known enzymatic 
activities that are easily assayable (as individual enzymes, and as enzyme fusions). For example, 
applicants respectfully direct the examiner's attention to Table 1 of the specification, wherein 
thiolase and reductase activities are measured; as well as the percent PHB of dry cell weight. It 
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is important to note that for PHB to be produced, proper RNA expression, proper protein 
expression, proper fusion protein folding, and proper substrate formation (between each and 
every enzyme of the PHA biosynthetic pathway) must occur. As Table 1 illustrates, these factors 
are easily assayed. 

Medline indicates that for each of these classes of enzymes, the amino acid sequence and 
a cDNA encoding the enzyme are known from multiple sources, and provide evidence that not 
only is the function generally same between enzymes of different sources, but that the degree of 
homology is such that the known and available genes can be used to isolate additional genes 
from other sources encoding the enzymes. 

Perhaps as importantly, is that there is no legal requirement that applicants enable each 
and every possible member of the claimed species. Applicants are only required to enable 
enough representative species to demonstrate that they are entitled to the genus. 

The examiner's attention is drawn to pages 8-10. Please note that the following is a quote 
from the application as published: 

[0022] A. Genes 

[0023] Suitable genes include PHB and PHA synthases, .beta.-ketothiolases, acyl- 
CoA reductases, phasins, enoyl-CoA hydratases and .beta.-hydroxyacyl- 
ACP "coenzyme- A transferases. Examples of fusions that can be constructed are 
illustrated in FIGS. 1A-1H. 

[0024] .beta.-ketothiolase encoding genes have been isolated from Alcaligenes 
latus (Choi, et al. Appl. Environ. Micrbiol. 64 (12), 4897-4903 (1998)], Ralstonia 
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eutropha [Peoples, O. P. and Sinskey, A. J., J. Biol. Chem. 264: 15298-15303 
(1989); Slater et. al., 1998, J. Bacteriol. 180: 1979-1987], Acinetobacter sp. 
[Schembri, et al. J. Bacteriol. , Chromatium vinosum [Liebergesell, M. and 
Steinbuchel, A. Eur. J. Biochem. 209 (1), 135-150 (1992)], Pseudomonas 
acidophila (Umeda, et al. Appl. Biochem. Biotech. 70-72: 341-352 (1998)], 
Pseudomonas denitrificans [Yabutani, et al. FEMS Microbiol. Lett. 133 (1-2), 85- 
90 (1995)], Rhizobium meliloti [Tombolini, et al. Microbiology 141, 2553-2559 
(1995)], Thiocystis violacea [Liebergesell, et al. Appl. Microbiol. Biotechnol. 38 
(4), 493-501 (1993)], and Zoogloea ramigera [Peoples, et al. J. Biol. Chem. 262 
(1), 97-102 (1987)]. 

[0025] Reductase encoding genes have been isolated from Alcaligenes latus 
(Choi, et al. Appl. Environ. Micrbiol. 64 (12), 4897-4903 (1998)], R. eutropha 
[Peoples, O. P. and Sinskey, A. J., J. Biol. Chem. 264 (26), 15298-15303 (1989); 
Acinetobacter sp. (Schembri, et al. J. Bacteriol), C. vinosum [Liebergesell, M. and 
Steinbuchel, A. Eur. J. Biochem. 209 (1), 135-150 (1992)], Pseudomonas 
acidophila (Umeda, et al. Appl. Biochem. Biotech. 70-72: 341-352 (1998)], P. 
denitrificans [Yabutani, et al. FEMS Microbiol. Lett. 133 (1-2), 85-90 (1995)], R. 
meliloti [Tombolini, et al. Microbiology 141 (Pt 10), 2553-2559 (1995)], and Z 
ramigera [Peoples, O. P. and Sinskey, A. J., 1989, Molecular Microbiology, 3: 
349-357). 

[0026] PHA synthase encoding genes have been isolated from Aeromonas caviae 
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[Fukui, T. and Doi, Y. J. Bacteriol. 179 (15), 4821-4830 (1997)], Alcaligenes 
latus (Choi, et al. Appl. Environ. Microbiol. 64 (12), 4897-4903 (1998)], R. 
eutropha [Peoples, O. P. and Sinskey, A. J. J. Biol. Chem. 264 (26), 15298-15303 
(1989); Lee, et al. Acinetobacter [Schembri, et al. J. Bacteriol.], C. vinosum 
[Liebergesell, M. and Steinbuchel, A. Eur. J. Biochem. 209 (1), 135-150 (1992)], 
Methylobacterium extorquens [Valentin, and Steinbuchel, Appl. Microbiol. 
Biotechnol. 39 (3), 309-317 (1993)], Nocardia corallina (GenBank Acc. No. 
AF0 19964), Nocardia salmonicolor, Pseudomonas acidophila (Umeda, et al. T. 
Appl. Biochem. Biotech. 70-72: 341-352 (1998)], P. denitrificans [Ueda, et al. J. 
Bacteriol. 178 (3), 774-779 (1996)], Pseudomonas aeruginosa [Timm, and 
Steinbuchel, Eur. J. Biochem. 209 (1), 15-30 (1992)], Pseudomonas oleovorans 
[Huisman, et al. J. Biol. Chem. 266 (4), 2191-2198 (1991)], Rhizobium etli 
[Cevallos, et al. J. Bacteriol. 178 (6), 1646-1654 (1996)], R. meliloti [Tombolini, 
et al. Microbiology 141 (Pt 10), 2553-2559 (1995)], Rhodococcus ruber [Pieper, 
U. and Steinbuechel, A. FEMS Microbiol. Lett. 96 (1), 73-80 (1992)], 
Rhodospirrilum rubrum [Hustede, et al. FEMS Microbiol. Lett. 93, 285-290 
(1992)], Rhodobacter sphaeroides [Steinbuchel, et al. FEMS Microbiol. Rev. 9 
(2-4), 217-230 (1992); Hustede, et al. Biotechnol. Lett. 15, 709-714 (1993)], 
Synechocystis sp. [Kaneko, T., DNA Res. 3 (3), 109-136 (1996)], T. violaceae 
[Liebergesell, et al. Appl. Microbiol. Biotechnol. 38 (4), 493-501 (1993)], and Z 
ramigera (GenBank Acc. No. U66242). 
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[0027] Other genes that have not been implicated in PHA formation but which 
share significant homology with the phb genes and/or the corresponding gene 
products may be used as well. Genes encoding thiolase and reductase like 
enzymes have been identified in a broad range of non-PHB producing bacteria. E. 
coli (U29581, D90851, D90777), Haemophilus influenzae (U32761), 
Pseudomonas fragi (D10390), Pseudomonas aeruginosa (U88653), Clostridium 
acetobutylicum (U08465), Mycobacterium leprae (U00014), Mycobacterium 
tuberculosis (Z73902), Helicobacter pylori (AE000582), 
Thermoanaerobacterium thermosaccharolyticum (Z92974), Archaeoglobus 
fulgidus (AE001021), Fusobacterium nucleatum (U37723), Acinetobacter 
calcoaceticus (L05770), Bacillus subtilis (D84432, Z99120, U29084) and 
Synechocystis sp. (D90910) all encode one or more thiolases from their 
chromosome. Eukaryotic organisms such as Saccharomyces cerevisiae (L20428), 
Schizosaccharomyces pombe (D)89184), Candida tropicalis (D 13470), 
Caenorhabditis elegans (U41 105), human (S70154), rat (D 13921), mouse 
(M35797), radish (X781 16), pumpkin (D70895) and cucumber (X67696) also 
express proteins with significant homology to the 3-ketothiolase from R. 
eutropha. 

[0028] Genes with significant homology to the phbB gene encoding acetoacetyl 
Co A reductase have been isolated from several organisms: Azospirillum 
brasiliense (X64772, X52913) and Rhizobium sp. (U53327, Y00604), E. coli 
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(D90745), Vibrio harveyi (U39441), H. influenzae (U32701), B. subtilis 
(U59433), P. aeruginosa (U9163 1), Synechocystis sp. (D90907), H. pylori 
(AE00057Q), Arabidopsis thaliana (X64464), Cuphea lanceolata (X64566) and 
Mycobacterium smegmatis (U66800). 

The amount of direction or guidance presented in the specification, in combination with 
the state of the art at the time of filing, clearly provides an enabling disclosure for, inter alia, any 
of the genes required to practice the claimed method. If still others are desireable, one of 
ordinary skill in the art may isolate the necessary genes using any of a number of techniques, 
including the use of oligonucleotide primers designed to be complementary to the known 
sequence (and/or degenerate primers) in conjunction with PCR. Once isolated, construction of 
gene expression cassettes and transformative plasmids, as described in the specification, are 
easily produced. 

In view of the foregoing discussion, the Applicants respectfully submit that the 
specification discloses how to properly construct the fusion proteins as claimed. The 
specification discloses many examples of genes that encode P-ketothiolases, acyl-CoA 
reductases, polyhydroxyalkanoate synthases, poly(3-hydroxybutyrate) synthases, phasins, enoyl- 
CoA hydratases, and beta-hydroxyacyl-ACP:: coenzyme- A transferases. The claimed fusion 
constituents, and the genes encoding them, are well known and are well characterized in the art. 
One of ordinary skill in the art would know how to obtain those genes via commonly known 
technology. 
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Rejections under 35 U.S.C. 112, first paragraph, written description 

Claims 1-6 were rejected under 35 U.S.C. § 1 12, first paragraph, as containing subject 
matter which was allegedly not described in the specification in such a way as to reasonably 
convey to one skilled in the art that the inventor had possession of the claimed invention. 
Applicants respectfully traverse this rejection to the extent that it is applied to the claims as 
amended. 

The inquiry into whether or not there is an adequate written description is not performed 
in a vacuum. "Knowledge of one skilled in the art is relevant to meeting [the written description] 
requirement." Enzo Biochem, Inc. v. Gen-Probe, Docket No. 01-1230 (Fed. Cir. Apr. 2, 2002) 
(slip op.). This fact has implications not only for validity challenges, but also for patent 
prosecution. See In re Alton, 76 F.3d 1 168, 1 174-75 (Fed. Cir. 1996). 

In the most recent CAFC decision, Enzo Biochem, Inc. v. Gen-Probe, Docket No. 01- 
1230 (Fed. Cir. July 15, 2002), the Federal Circuit vacated a prior decision, Enzo Biochem, Inc. 
v. Gen-Probe, 285 F.3d 1013, 62 USPQ 2d 1289 (Fed. Cir. April 2, 2002), and reversed the 
district court's grant of summary judgment that Enzo's claims are invalid for failure to meet the 
written description requirement, stating in relevant part: 

"It is not correct, however, that all functional descriptions of genetic material fail to meet 
the written description requirement. The PTO has issued Guidelines governing its internal 
practice for addressing that issue. The Guidelines, like the Manual of Patent Examining 
Procedure ("MPEP"), are not binding on this court, but may be given judicial notice to the extent 
they do not conflict with the statute. See Molins PLC v. Textron, Inc. , 48 F.3d 1 172, 1 180 n.10, 
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33 USPQ2d 1823, 1828 n.10 (Fed. Cir. 1995). In its Guidelines, the PTO has determined that the 
written description requirement can be met by "showjmg] that an invention is complete by 
disclosure of sufficiently detailed, relevant identifying characteristics . . . Le^ complete or partial 
structure, other physical and/or chemical properties, functional characteristics when coupled with 
a known or disclosed correlation between function and structure, or some combination of such 
characteristics " Guidelines , 66 Fed. Reg. at 1 106. For example, the PTO would find compliance 
with § 1 12, If 1, for a claim to an "isolated antibody capable of binding to antigen X," 
notwithstanding the functional definition of the antibody, in light of "the art-recognized method 
of making antibodies to fully characterized antigens, the well defined structural characteristics 
for the five classes of antibody, the functional characteristics of antibody binding, and the fact 
that the antibody technology is well developed and mature" Synopsis of Application of Written 
Description Guidelines, at 60, available at http://www.uspto.gov/web/patents/guides.htm 
(" Application of Guidelines "). With reference to the claimed nucleotide sequences of Enzo, the 
Board also noted that "[BJecause the claimed nucleotide sequences preferentially bind to the 
genomic DNA of the deposited strains of N. gonorrhoeae and have a complementary structural 
relationship with that DNA, those sequences, under the PTO Guidelines, may also be adequately 

described [Ajlthough the patent specification lacks description of the location along the 

bacterial DNA to which the claimed sequences bind, Enzo has at least raised a genuine issue of 
material fact as to whether a reasonable fact-finder could conclude that the claimed sequences 
are described by their ability to hybridize to structures that, while not explicitly sequenced, are 
accessible to the public." 
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In this case, there is even less of an issue. Applicants have provided more than enough 
sequences encoding the requisite genes to enable one to practice the claimed method. The 
examiner is reminded that 35 U.S.C. 1 12, is applied to the claimed subject matter. It appears this 
rejection has been made as if applicants were claiming the genes per sc. 

The examiner states that the specification teaches only the structures of six representative 
species of fusion proteins. This would seem to be more than adequate to meet the legal 
requirement! 

However, as described in the specification, and as one of ordinary skill in the art will 
attest, protein fusions are products of gene expression, wherein the gene is a genetic fusion 
between, what would normally be, separately expressed sequences. The examples of genes cited 
in the specification (see, for example, pages 8-10), when used to provide a gene fusion template 
for protein synthesis, provide the structure for each of the claimed protein fusions. The protein 
fusions exemplified in the specification and identified by the sequence annotations cited by the 
examiner are representative of properly constructed, and properly expressed, genetic fusions 
between known genes. The individual constituent enzymes are predicated on the genetic 
sequences encoding those enzymes. The structure of each individual constituent enzyme is 
predicated on the genetic sequence encoding the particular enzyme. 

The claimed fusion activities require proper gene fusion expression (see, for example, 
section I of the detailed description). Therefore, the identifying characteristic for each claimed 
fusion protein, lies within the genetic makeup for each fusion. The "genetic makeup" for each 
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fusion can be found in the many examples of PHA biosynthetic pathway genes provided in the 
specification. 

The examiner also states that the specification fails to describe any other representative 
species by any identifying characteristics or properties other than the functionality of being a 
fusion protein. This is absurd. The enzymes are defined by their function - as are all enzymes. 
Functionality is predicated on the enzyme structure. The enzyme structure is predicated on the 
nucleic acid sequence that encodes the enzyme. One of ordinary skill in the art would readily 
appreciate the structural characteristics that are inherently a part of the claim enzyme fusions. 

Rejection Under 35 U.S.C. § 103 

Claims 1-3, 5, and 6 were rejected under 35 U.S.C. § 103(a) as obvious over U.S. Patent 
No. 5,245,023 to Peoples et al. ("Peoples"), in view of Trends in Biotechnology (Vol. 9, 
pgs. 226-23 1) by Bulow et al. ("Bulow"). Applicants respectfully traverse this rejection to the 
extent that it is applied to the claims as amended. 
Peoples 

Peoples teaches the construction of polymerase fusions for the purpose of "altering the 
enzyme's specificity to create novel polymerases" (see column 23, lines 14-24). It should be 
noted that fusions between the PHB polymerase and PHA polymerase genes of Peoples would 
not produce a fusion that catalyzes successive reactions in the polyhydroxyalkanoate pathway. 
These fusion proteins catalyze the same process, but utilize different substrates (i.e., short 
carbon chains and long carbon chains). 
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The claimed method does not required an altered constituent specificity, but rather, again, 
fuses two enzymes that catalyze successive reactions in a polyhydroxyalkanoate biosynthetic 
pathway (i.e. each enzymatic "domain" of the fusion still recognizes normal substrate). The 
close proximity of two enzyme activities which catalyze sequential steps in the 
polyhydroxyalkanoate pathway provides for the direct transfer of the reaction product from the 
first catalytic domain to the second domain. 

One skilled in the art cannot predict the likelihood of success of being able to make a 
fusion protein of two different enzymes, acting on first one substrate, then on the product of the 
first enzyme's action on the substrate, based on a fusion of two enzymes acting on two substrates, 
either or both of which may be present. 
Bulow 

Bulow teaches optimal length linkers, for the enzymes described therein, based upon the 
correct folding and accessibility of active sites in the recombinant enzymes. The examiner states 
that Bulow teaches "using fusion enzymes in metabolic engineering for increased production of 
PHB" (see page 8 of office action mailed on September 27, 2002). This is simply not true. 
Bulow teaches nothing related to the production of polyhydroxyalkanoates. 
Summary 

The Examiner has cited two references. Reference #1 (Peoples) offers up a suggestion to 
construct a fusion between two polymerases (PHA and PHB) as a method to alter enzyme 
specificity. Reference #2 (Bulow), aside from teaching optimal length linkers, prophetically 
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states that "it can easily be envisaged that the preparation of artificial Afunctional enzymes will 
be most beneficial in directing a substrate to a preferred metabolic route in vivo"" 

In summary, the art alone or in combination fails to make obvious the claimed subject 

matter. 

Allowance of claims 1-6 is respectfully solicited. 



Respectfully submitted, 




Date: December 27, 2002 
HOLLAND & KNIGHT LLP 
One Atlantic Center, Suite 2000 
1201 West Peachtree Street 
Atlanta, Georgia 30309-3400 
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(404) 817-8588 (Fax) 
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1. 



Marked Up Version of Amended Claims 
Pursuant to 37 C.F.R. § 1.121(c)(1)(H) 

(Five times amended) A [protein] fusion of two enzymes having a formula 



selected from the group consisting of El-L n -E2 and E2-L n -El ? wherein El and E2 are both 
enzymes that catalyze successive reactions in a polyhydroxyalkanoate biosynthetic pathway and 
are each selected from the group of enzymes consisting of P-ketothiolases, acyl-CoA reductases, 
polyhydroxyalkanoate synthases, poly(3-hydroxybutyrate) synthases, phasins, enoyl-CoA 
hydratases, and beta-hydroxyacyl-ACP::coenzyme-A [transferase] transferases , in which linker 
L n is a peptide of n amino acids that [link] links El to E2 or E2 to El, and wherein expression of 
the fusion [protein] is under the control of a single promoter resulting in expression of both 
catalytically active El and E2. 

2. (Twice amended) The fusion of claim 1 wherein El and E2 are selected from the 
group consisting of [beta] J3-ketothiolase (phbA) and acyl-CoA reductase (phbB); phbB and 
phbA; PHA synthase (phaC) and phasin (phaP); phaP and phaC [(ID)]; phaC and beta- 
hydroxyacyl-ACP::coenzyme-A transferase (phbG); phbG and phaC; phaC and enoyl-CoA 
hydratases (phaJ); and phaJ and phaC. 

3. (Unamended) The fusion of claim 1 wherein n in the linker is between zero and 
50 amino acids. 

4. (Amended) The fusion of claim 1 wherein the linker is comprised of glycine- 



serine. 



6 



5 



(Unamended) The fusion of claim 1 expressed in a plant. 
(Amended) The fusion of claim 1 expressed in [a] bacteria. 
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Clean Version of Amended Claims 
^Pursuant to 37 C.F.R. § 1.121(c)(l)(ii) 



RECEIVED 

JAN 0 3 2003 

^CENTER 1600/2900 



1 . (Five times amended) A protein fusion having a formula selected from the group 
consisting of El-L n -E2 and E2-L n -El, wherein El and E2 catalyze successive reactions in a 
polyhydroxyalkanoate biosynthetic pathway and are each selected from the group consisting of 
P-ketothiolases 5 acyl-CoA reductases, polyhydroxyalkanoate synthases, poly(3-hydroxybutyrate) 
synthases, phasins, enoyl-CoA hydratases, and beta-hydroxyacyl-ACP:: coenzyme- A 
transferases, in which linker L n is a peptide of n amino acids that link El to E2 or E2 to El, and 
wherein expression of the fusion protein is under the control of a single promoter resulting in 

^£X£j£Ssion of both c l atalvticallv_^tiye_Ej__and E2. ^ TTJ^ === g =^ M=3 " — — 

2. (Twice amended) The fusion of claim 1 wherein El and E2 are selected from the 
group consisting of [beta] {3-ketothiolase (phbA) and acyl-CoA reductase (phbB); phbB and 
phbA; PHA synthase (phaC) and phasin (phaP); phaP and phaC [(ID)]; phaC and beta- 
hydroxyacyl-ACP:: coenzyme- A transferase (phbG); phbG and phaC; phaC and enoyl-CoA 
hydratases (phaJ); and phaJ and phaC. 

3. (Unamended) The fusion of claim 1 wherein n in the linker is between zero and 
50 amino acids. 

4. (Amended) The fusion of claim 1 wherein the linker is comprised of glycine- 



senne. 




(Unamended) The fusion of claim 1 expressed in a plant. 



(Amended) The fusion of claim 1 expressed in bacteria. 
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Headnotes 



PATENTS 



l^Patentability/Validity Obviousness » Evidence of (§115.0906) 

Applicants' method of producing predetermined protein in stable form in host species of bacteria through 
genetic engineering is obvious within meaning of 35 USC 103 since reference, authored by two of three 
patent applicants and published more than one year prior to patent application date, contained detailed 
enabling methodology for practicing claimed invention, suggestion for modifying prior art to practice 
claimed invention, and evidence suggesting that invention could be successful, and reference thus rendered 
invention obvious to those of ordinary skill in art at time invention was made. 

^Patentability/Validity » Obviousness ~ Evidence of ($ 115.0906) 

Experimenters' use of heterologous gene coded for ribosomal RNA, which is not ordinarily translated, 
rather than gene coded for predetermined protein, in plasmid cloning vector for introduction into host 
bacteria in genetic engineering experiment, does not require finding that applicant's claimed method of 
producing predetermined protein in host bacteria through genetic engineering was not obvious in view of 
published paper describing experiment, particularly observation that hybrid messenger RNA produced by 
experiment was apparently translated into protein, since it would have been obvious and reasonable to 
conclude from such observation that if gene coded for ribosomal RNA produced "junk" or "nonsense" 
protein, then use of gene coded for predetermined protein would result in production of "useful" protein, as 
application claims. 

3. Patentability/Validity — Obviousness In general (§ 115.0901) 

Rejection of patent application cannot be overturned on ground that examiner and Board of Patent Appeals 
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and Interferences applied impermissible "obvious to try" standard, since assignment of error for application 
of such standard usually occurs when invention is made by varying all parameters or trying each of 
numerous choices until successful without indication in prior art as to which parameters were critical or 
which choices were likely to be successful, or when invention is made by exploring promising new 
technology or general approach with only general guidance from prior art as to particular form of claimed 
invention or how to achieve it, and since neither situation is present in instant case. 

^Patentability/Validity « Obviousness In general (S 115.0901) 

Finding of obviousness under 35 USG 103 requires only that prior art reveal reasonable expectation of 
success introducing claimed invention, rather than absolute prediction of such success. 



Case History and Disposition: 
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Appeal from decision of Patent and Trademark Office, Board of Patent Appeals and Interferences. 

Patent applicatio n, serial no. 180,424, filed by P atrick H. |OTaiTefl ! , Barry O. Polisky, and David H] 
pelfand. From decision of Board of Patent Appeals and Interference s affirmin g final rejection of] 
ap plication on gro unds of obviousnes s, ap plicants ap peal. Affirmed, j 

Attorneys: 

J. Bruce McCubbrey of Fitch, Even, Tabin & Flannery (Virginia H. Meyer, with them on brief), San 
Francisco, Calif, for appellant. 

Harris A. Pitlick, associate solicitor, Patent and Trademark Office (Joseph F. Nakamura, solicitor and Fred 
E. McKelvey, deputy solicitor, with him on brief), for appellee. 

Judge: 

Before Markey, chief judge, and Rich and Nies, circuit judges. 

Opinion Text 

Opinion By: 

Rich, J. 

This appeal is from the decision of the United States Patent and Trademark Office Board of Patent Appeals 
and Interferences (board) affirming the patent examiner's final rejection of patent application Serial No. 
180,424, entitled "Method and Hybrid Vector for Regulating Translation of heterologous DNA in 
Bacteria." The application was rejected under 35 USC 103 on the ground that the claimed invention would 
have been obvious at the time the invention was made in view of a published paper by two of the three 
coinventors, and a publication by Bahl, Marians & Wu 1 Gene 81 (1976) (Bahl). We affirm. 
The claimed invention is from the developing new field of genetic engineering. A broad claim on appeal 
reads: 
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Claim 1. A method for producing a predetermined protein in a stable form in a transformed host species of 
bacteria comprising, providing a cloning vector which includes at least a substantial portion of a gene 
which is indigenous to the host species of bacteria and is functionally transcribed and translated in that 
species, said substantial portion of said indigenous gene further including the regulatory DNA sequences 
for RNA synthesis and protein synthesis but lacking the normal gene termination signal, and linking a 
natural or synthetic heterologous gene encoding said predetermined protein to said indigenous gene portion 
at its distal end, said heterologous gene being in proper orientation and having codons arranged in the same 
reading frame as the codons of said indigenous gene so that readthrough can occur from said indigenous 
gene portion into said heterologous gene in the same reading frame, said heterologous gene portion further 
containing sufficient DNA sequences to result in expression of a fused protein having sufficient size so as 
to confer stability on said predetermined protein when said vector is used to transform said host species of 
bacteria. 

Illustrative embodiments are defined in more specific claims. For example: 

Claim 2. A method for producing a predetermined protein in a stable form in a transformed host species of 
bacteria, comprising, providing an E. coli plasmid having an operator, a promoter, a site for the initiation of 
translation, and at least a substantial portion of the beta-galactosidase gene of the E. coli lactose operon, 
said substantial portion of said beta-galactosidase gene being under the control of said operator, promoter 
and site for initiation of translation, said substantial portion of said beta-galactosidase gene lacking the 
normal gene termination signal, and linking a heterologous gene encoding said predetermined protein to 
said beta-galactosidase gene portion at its distal end, said heterologous gene being in proper orientation and 
having codons arranged in the same reading frame as the codons of the said beta-galactosidase gene portion 
so that readthrough can occur from said beta-galactosidase gene portion into said heterologous gene in the 
same reading frame, said heterologous gene portion further containing sufficient DNA sequences to result 
in expression of a fused protein having sufficient size so as to confer stability on said predetermined 
protein when said vector is used to transform said host species of bacteria. 

Claim 3. The method of Claim 2 wherein said E. coli plasmid comprises the plasmid designated pBGP120. 

Although the terms in these claims would be familiar to those of ordinary skill in genetic engineering, they 
employ a bewildering vocabulary new to those who are not versed in molecular biology. An understanding 
of the science and technology on which these claims are based is essential before one can analyze and 
explain whether the claimed invention would have been obvious in light of the prior art. 

I. Background 1_ 

Proteins are biological molecules of enormous importance. Proteins include enzymes that catalyze 
biochemical reactions, major structural materials of the animal body, and many hormones. Numerous 
patents and applications for patents in the field of biotechnology involve specific proteins or methods for 
making and using proteins. Many valuable proteins occur in nature only in minute quantities, or are 
difficult to purify from natural sources. Therefore, a goal of many biotechnology projects, including 
appellants' claimed invention, is to devise methods to synthesize useful quantities of specific proteins by 
controlling the mechanism by which living cells make proteins. 

The basic organization of all proteins is the same. Proteins are large polymeric molecules consisting of 
chains of smaller building blocks, called amino acids , that are linked together covalently. 2_The chemical 
bonds linking amino acids together are called peptide bonds, so proteins are also called poly 
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peptides . 3_It is the exact sequence in which the amino acids are strung together in a polypeptide chain that 
determines the identity of a protein and its chemical characteristics. 4Although there are only 20 amino 
acids, they are strung together in different orders to produce the hundreds of thousands of proteins found in 
nature. 

To make a protein molecule, a cell needs information about the sequence in which the amino acids must be 
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assembled. The cell uses a long polymeric molecule, DNA (deoxyribonucleic acid), to store this 
information. The subunits of the DNA chain are called nucleotides . A nucleotide consists of a 
nitrogen-containing ring compound (called a base ) linked to a 5-carbon sugar that has a phosphate group 
attached. 5JDNA is composed of only four nucleotides. They differ from each other in the base region of 
the molecule. The four bases of these subunits are adenine, guanine, cytosine, and thymine (abbreviated 
respectively as A, G, C and T). The sequence of these bases along the DNA molecule specifies which 
amino acids will be inserted in sequence into the polypeptide chain of a protein. 
DNA molecules do not participate directly in the synthesis of proteins. DNA acts as a permanent 
"blueprint" of all of the genetic information in the cell, and exists mainly in extremely long strands (called 
chromosomes ) containing information coding for the sequences of many proteins, most of which are not 
being synthesized at any particular moment. The region of DNA on the chromosome that codes for the 
sequence of a single polypeptide is called a gene , 6_In order to express a gene (the process whereby the 
information in a gene is used to synthesize new protein), a copy of the gene is first made as a molecule of 
RNA (ribonucleic acid). 

RNA is a molecule that closely resembles DNA. It differs, however in that it contains a different sugar 
(ribose instead of deoxyribose) and the base thymine (T) of DNA is replaced in RNA by the structurally 
similar base, uracil (U). Making an RNA copy of DNA is called transcription . The transcribed RNA 
copy contains sequences of A, U, C, and G that carry the same information as the sequence of A, T, C, and 
G in the DNA. That RNA molecule, called messenger RNA , then moves to a location in the cell where 
proteins are synthesized. 

The code whereby a sequence of nucleotides along an RNA molecule is translated into a sequence of amino 
acids in a protein (i.e., the "genetic code") is based on serially reading groups of three adjacent nucleotides. 
Each combination of three adjacent nucleotides, called a codon , specifies a particular amino acid. For 
example, the codon U-G-G in a messenger RNA molecule specifies that there will be a tryptophan 
molecule in the corresponding location in the corresponding polypeptide. The four bases A, G, C and U 
can be combined as triplets in 64 different ways, but there are only 20 amino acids to be coded. Thus, most 
amino acids are coded for by more than one codon. For example, both U-A-U and U-A-C code for 
tyrosine, and there are six different codons that code for leucine. There are also three codons that do not 
code for any amino acid (namely, U-A-A, U-G-A, and U-A-G). Like periods at the end of a sentence, these 
sequences signal the end of the polypeptide chain, and they are therefore called stop codons . 
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The cellular machinery involved in synthesizing proteins is quite complicated, and centers around large 
structures called ribosomes that bind to the messenger RNA. The ribosomes and associated molecules 
"read" the information in the messenger RNA molecule, literally shifting along the strand of RNA three 
nucleotides at a time, adding the amino acid specified by that codon to a growing polypeptide chain that is 
also attached to the ribosome. When a stop codon is reached, the polypeptide chain is complete and 
detaches from the ribosome. 

The conversion of the information from a sequence of codons in an RNA molecule into the sequence of 
amino acids in a newly synthesized polypeptide is called translation . A messenger RNA molecule is 
typically reused to make many copies of the same protein. Synthesis of a protein is usually terminated by 
destroying the messenger RNA. (The information for making more of that protein remains stored in DNA 
in the chromosomes.) 

The translation of messenger RNA begins at a specific sequence of nucleotides that bind the RNA to the 
ribosome and specify which is the first codon that is to be translated. Translation then proceeds by reading 
nucleotides, three at a time, until a stop codon is reached. If some error were to occur that shifts the frame 
in which the nucleotides are read by one or two nucleotides, all of the codons after this shift would be 
misread. For example, the sequence of codons [. . . C-U-C~A~G~C-G-U-U-A-C-C- A. . .] codes for the 
chain of amino acids [. . .leucine-serine-valine-threonine-. . .]. If the reading of these groups of three 
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nucleotides is displaced by one nucleotide, such as [. . . C-U-C-A-G-C-G-U-U-A-C-C-A . . .], the resulting 
peptide chain would consist of [. . . serine-alanine-leucine-proline. . .]. This would be an entirely different 
peptide, and most probably an undesirable and useless one. Synthesis of a particular protein requires that 
the correct register or reading frame be maintained as the codons in the RNA are translated. 
The function of messenger RNA is to carry genetic information (transcribed from DNA) to the protein 
synthetic machinery of a cell where its information is translated into the amino acid sequence of a protein. 
However, some kinds of RNA have other roles. For example, ribosomes contain several large strands of 
RNA that serve a structural function ( ribosomal RNA ). Chromosomes contain regions of DNA that code 
for the nucleotide sequences of structural RNAs and these sequences are transcribed to manufacture those 
RNAs. The DNA sequences coding for structural RNAs are still called genes even though the nucleotide 
sequence of the structural RNA is never translated into protein. 

Man, other animals, plants, protozoa, and yeast are eucaryotic (or eukaryotic) organisms: their DNA is 
packaged in chromosomes in a special compartment of the cell, the nucleus. Bacteria {procaryotic or 
prokaryotic organisms) have a different organization. Their DNA, usually a circular loop, is not contained 
in any specialized compartment. Despite the incredible differences between them, all organisms, whether 
eucaryote or procaryote, whether man or mouse or lowly bacterium, use the same molecular rules to make 
proteins under the control of genes. In all organisms, codons in DNA are transcribed into codons in RNA 
which is translated on ribosomes into polypeptides according to the same genetic code. Thus, if a gene 
from a man is transferred into a bacterium, the bacterium can manufacture the human protein. Since most 
commercially valuable proteins come from man or other eucaryotes while bacteria are essentially little 
biochemical factories that can be grown in huge quantities, one strategy for manufacturing a desired protein 
(for example, insulin) is to transfer the gene coding for the protein from the eucaryotic cell where the gene 
normally occurs into a bacterium. 

Bacteria containing genes from a foreign source ( heterologous genes) integrated into their own genetic 
makeup are said to be transformed . When transformed bacteria grow and divide, the inserted heterologous 
genes, like all the other genes that are normally present in the bacterium ( indigenous genes), are replicated 
and passed on to succeeding generations. One can produce large quantities of transformed bacteria that 
contain transplanted heterologous genes. The process of making large quantities of identical copies of a 
gene (or other fragment of DNA) by introducing it into procaryotic cells and then growing those cells is 
called cloning the gene. After growing sufficient quantities of the transformed bacteria, the biotechnologist 
must induce the transformed bacteria to express the cloned gene and make useful quantities of the protein. 
This is the purpose of the claimed invention. 

In order to make a selected protein by expressing its cloned gene in bacteria, several technical hurdles must 
be overcome. First the gene coding for the specific protein must be isolated for cloning. This is a 
formidable task, but recombinant DNA technology has armed the genetic engineer with a variety of 

Page 1677 

techniques to accomplish it. 7_Next the isolated gene must be introduced into the host bacterium. This can 
be done by incorporating the gene into a cloning vector. A cloning vector is a piece of DNA that can be 
introduced into bacteria and will then replicate itself as the bacterial cells grow and divide. Bacteriophage 
(viruses that infect bacteria) can be used as cloning vectors, but plasmids were the type used by appellants. 
A plasmid is a small circular loop of DNA found in bacteria, separate from the chromosome, that replicates 
like a chromosome. It is like a tiny auxilliary chromosome containing only a few genes. Because of their 
small size, plasmids are convenient for the molecular biologist to isolate and work with. Recombinant 
DNA technology can be used to modify plasmids by splicing in cloned eucaryotic genes and other useful 
segments of DNA containing control sequences. Short pieces of DNA can even be designed to have 
desired nucleotide sequences, synthesized chemically, and spliced into the plasmid. One use of such 
chemically synthesized linkers is to insure that the inserted gene has the same reading frame as the rest of 
the plasmid; this is a teaching of the Bahl reference cited against appellants. A plasmid constructed by the 
molecular geneticist can be inserted into bacteria, where it replicates as the bacteria grow. 
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Even after a cloned heterologous gene has been successfully inserted into bacteria using a plasmid as a 
cloning vector, and replicates as the bacteria grow, there is no guarantee that the gene will be expressed, 
i.e., transcribed and translated into protein. A bacterium such as E. coli (the species of bacterium used by 
appellants) has genes for several thousand proteins. At any given moment many of those genes are not 
expressed at all. The genetic engineer needs a method to "turn- on" the cloned gene and force it to be 
expressed. This is the problem appellants worked to solve. 

II. Prior art 

Appellants sought to control the expression of cloned heterologous genes inserted into bacteria. They 
reported the results of their early efforts in a publication, the three authors of which included two of the 
three coinventor-appellants (the Polisky reference 8_), that is undisputed prior art against them. Their 
strategy was to link the foreign gene to a highly regulated indigenous gene. Turning on expression of the 
indigenous gene by normal control mechanisms of the host would cause expression of the linked 
heterologous gene. 

As a controllable indigenous gene, the researchers chose a gene in the bacterium E. coli that makes 
beta-galactosidase. Beta-galactosidase is an enzyme needed to digest the sugar, lactose (milk sugar). When 
E. coli grows in a medium that contains no lactose, it does not make beta-galactosidase. If lactose is added 
to the medium, the gene coding for beta galactosidase is expressed. The bacterial cell makes 
beta-galactosidase and is then able to use lactose as a food source. When lactose is no longer available, the 
cell again stops expressing the gene for beta galactosidase. 

The molecular mechanisms through which the presence of lactose turns on expression of the 
beta-galactosidase gene has been studied in detail, and is one of the best understood examples of how gene 
expression is regulated on the molecular level. The beta-galactosidase gene is controlled by segments of 
DNA adjacent to the gene. These regulatory DNA sequences (the general term used in Claim 1) include 
the operator and promoter sequences (specified in Claim 2). 9_The researchers constructed a plasmid 
containing the beta-galactosidase gene with its operator and promoter. This gene (with its regulatory 
sequences) was removed from the chromosome of E. coli where it is normally found and was transplanted 
to a plasmid that could be conveniently manipulated. 

Restriction endonucleases are useful tools in genetic engineering. These enzymes cut strands of DNA, but 
only at places where a specific sequence of nucleotides is present. For example, one restriction 
endonuclease, called EcoRI , cuts DNA only at sites where 
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the nucleotide sequence is [. . .-G-A-A-T-T-C-. . .]. With restriction enzymes the genetic engineer can cut a 
strand of DNA at very specific sites into just a few pieces. With the help of "repair" enzymes, other pieces 
of DNA can be spliced onto the cut ends. The investigators found that the plasmid which they had 
constructed contained only two sequences that were cut by EcoRI. They were able to eliminate one of 
these sites that was unwanted. They were then left with a plasmid containing the beta-galactosidase gene 
with its regulatory sequences, and a single EcoRI site that was within the beta-galactosidase gene and close 
to its stop codon. They named this plasmid that they had constructed pBGP120. 
The next step was to cut the plasmid open at its EcoRI site and insert a heterologous gene from another 
organism. The particular heterologous gene they chose to splice in was a segment of DNA from a frog that 
coded for ribosomal RNA. The frog gene was chosen as a test gene for reasons of convenience and 
availability. The new plasmid created by inserting the frog gene was similar to pBGP120, but its 
beta-galactosidase gene was incomplete. Some codons including the stop codon were missing from its end, 
which instead continued on with the sequence of the frog ribosomal RNA gene. The investigators named 
this new plasmid pBGP123. They inserted this plasmid back into E. coli and grew sufficient quantities for 
study. They then fed the E. coli with lactose. As they had intended, the lactose turned on transcription of 
the beta-galactosidase gene in the plasmid. RNA polymerase moved along the plasmid producing a strange 
new kind of RNA: Each long strand of RNA first contained codons for the messenger RNA for 
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beta-galactosidase and then continued without interruption with the codons for the frog ribosomal RNA. 
Thus, there was read-through transcription in which the RNA polymerase first transcribed the indigenous 
(beta-galactosidase) gene and then "read through," i.e., continued into and through the adjacent 
heterologous (frog ribosomal RNA) gene. Although the RNA produced was a hybrid, it nevertheless 
contained a nucleotide sequence dictated by DNA from a frog. The researchers had achieved the first 
controlled transcription of an animal gene inside a bacterium. 

The researchers had used a gene coding for a ribosomal RNA as their heterologous test gene. Ribosomal 
RNA is not normally translated into protein. Nevertheless, they were obviously interested in using their 
approach to make heterologous proteins in bacteria. The y therefore examined the beta-g ala ctosidase ma de 
by t heir transformed bacteria. Patrick jO'Farrell, who was not a coauthor of the Polisky paper but was to| 
become a coinventor in the patent application, joined as a collaborator. They found that beta-galactosidase 

ifrom the transformed bacteria had a higher molecular weight than was normal. They concluded that the u 

bacteria must have used their strange new hybrid RNA like any other messenger RNA and translated it into, 
protein. When the machinery of protein synthesis reached the premature end of the sequence coding for 
beta-galactosidase it continued right on, three nucleotides at a time, adding whatever amino acid wa s coded 
ifor by those nucleotides, until a triplet was reached with the sequence of a stop codon. The resulting 
polypeptide chains had more amino acids than normal beta-galactosidase, and thus a higher moleculai| 
jweight. T he researchers pu blishe d the ir pre liminar y result s in the Polisky article . They wrote: 
f the normal translational stop signals for [beta]-galactosidase are missing in pBGP120, in-phase 
translational readthrough into adjacent inserted sequences might occur, resulting in a significant increase in 
the size of the [beta]-galactosidase polypeptide subunit. In fact, we have recently observed that induced 
cultures of pBGP123 contai n elevated levels of [ beta ]-gal actosidase of higher subunit molecular we ight 
than wild-type enzyme ( P. 'OTarrell, unpublished experiments). We believe this increas e resu lts fronj 
translation of Xenopus f frog] RNA sequences covalentl y linked to [messenger] RNA fbij 
[beta]-galactosidase, resulti ng in a fused polypeptide. j 
Polisky at 3904." 

Since ribosomal RNA is never translated in normal cells, the polypeptide chain produced by translating that 
chain was not a naturally occurring, identified protein. The authors of the Polisky paper explicitly pointed 
out that if one were to insert a heterologous gene coding for a protein into their plasmid, it should produce 
a "fused protein" consisting of a polypeptide made of beta-galactosidase plus the protein coded for by the 
inserted gene, joined by a peptide bond into a single continuous polypeptide chain: 
It would be interesting to examine the expression of a normally translated eukaryotic sequence in 
pBGP120. If an inserted sequence contains a ribosome binding site that can be utilized in bacteria, 
production of high levels of a readthrough transcript might allow for extensive translation of a functional 
eukaryotic polypeptide. In the absence of an independent ribosome bind 
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ing site, the eukaryotic sequence would be translated to yield a peptide covalently linked to 
[beta]-galactosidase. The extent of readthrough translation under lac control will depend on the number of 
translatable codons between the EcoRI site and the first in-phase nonsense [i.e., stop] codon in the inserted 
sequence. 
Id. 

III. The Claimed Invention 

Referring back to Claims 1 through 3, it can be seen that virtually everything in the claims was present in 
the prior art Polisky article. The main difference is that in Polisky the heterologous gene was a gene for 
ribosomal RNA while the claimed invention substitutes a gene coding for a predetermined protein. 
Ribosomal RNA gene is not normally translated into protein, so expression of the heterologous gene was 
studied mainly in terms of transcription into RNA. Nevertheless, Polisky mentioned preliminary evidence 
that the transcript of the ribosomal RNA gene was translated into protein. Polisky further predicted that if a 
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gene that codes for a protein were to be substituted for the ribosomal RNA gene, "a readthrough transcript 
might allow for extensive translation of a functional eukaryotic polypeptide." Thus, the prior art explicitly 
suggested the substitution that is the difference between the claimed invention and the prior art, and 
presented preliminary evidence suggesting that the method could be used to make proteins. 
Appellants reduced their invention to practice some time in 1976 and reported their results in a paper that 
was published in 1978. 10 During 1977 they communicated their results to another group of researchers 
who used the readthrough translation approach to achieve the first synthesis of a human protein in bacteria. 
1 1 Appellants filed an application to patent their invention on August 9, 1978, of which the application on 
appeal is a division. 

IV. The Obviousness Rejection 

The application was rejected under 35 USC 103. The position of the examiner and the Board is, simply, 
that so much of the appellant's method was revealed in the Polisky reference that making a protein by 
substituting its gene for the ribosomal RNA gene in Polisky (as suggested by Polisky) would have been 
obvious to one of ordinary skill in the art at the time that the invention was made. 
The claims specify that the heterologous gene should be inserted into the plasmid in the same orientation 
and with the same reading frame as the preceding portion of the indigenous gene. In view of this 
limitation, the §103 rejection was based either on Polisky alone (supplemented by the fact that the 
importance of orientation and reading frame was well known in the prior art) or in combination with the 
Bahl reference which describes a general method for inserting a piece of chemically synthesized DNA into 
a plasmid. Bahl teaches that this technique could be used to shift the sequence of DNA inserted into a 
plasmid into the proper reading frame. 

Appellants argue that at the time the Polisky article was published, there was significant unpredictability in 
the field of molecular biology so that the Polisky article would not have rendered the claimed method 
obvious to one of ordinary skill in the art. Even though there was speculation in the article that genes 
coding for proteins could be substituted for the ribosomal RNA gene and would be expressed as 
readthrough translation into the protein, this had never been done. Appellants say that it was not yet certain 
whether a heterologous protein could actually be produced in bacteria, and if it could, whether additional 
mechanisms or methods would be required. They contend 
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that without such certainty the predictions in the Polisky paper, which hindsight now shows to have been 
correct, were merely invitations to those skilled in the art to try to make the claimed invention. They argue 
that the rejection amounts to the application of a standard of "obvious to try" to the field of molecular 
biology, a standard which this court and its predecessors have repeatedly rejected as improper grounds for a 
§103 rejection. E.g., In re Fine , 837 F.2d 1071, 1075, 5 USPQ2d 1596 . 1599 (Fed. Cir. 1988); In re 
Geiger ,815 F.2d 686, 688, 2USPQ2d 1276 . 1278 (Fed. Cir. 1987); In re Merck & Co., Inc ., 800 F.2d 
1091, 1097, 231 USPO 375 . 379 (Fed. Cir. 1986); In reAntonie , 559 F.2d 618, 620, 195 USPO 6 .8 
(CCPA 1977). 

Obviousness under §103 is a question of law. Panduit Corp. v. Dennison Mfg. Co ., 810 F.2d 1561, 1568, I 
USPQ2d 1593 . 1597 (Fed. Cir.), cert denied , 107 S.Ct. 2187 (1987). An analysis of obviousness must be 
based on several factual inquiries: (1) the scope and content of the prior art; (2) the differences between the 
prior art and the claims at issue; (3) the level of ordinary skill in the art at the time the invention was made; 
and (4) objective evidence of nonobviousness, if any. Graham v. John Deere Co ., 383 U.S. 1, 17-18, 148 
USPO 459 . 467 (1966). See, e.g ., Custom Accessories, Inc. v. Jeffrey-Allan Indus ., 807 F.2d 955, 958, I 
USPQ2d 1196 . 1197 (Fed. Cir. 1986). The scope and content of the prior art and the differences between 
the prior art and the claimed invention have been examined in sections II and HI, supra . Appellants say 
that in 1976 those of ordinary skill in the arts of molecular biology and recombinant DNA technology were 
research scientists who had "extraordinary skill in relevant arts" and "were among the brightest biologists 
in the world." Objective evidence of nonobviousness was not argued. 
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[1] With the statutory factors as expounded by Graham in mind and considering all of the evidence, this 
court must determine the correctness of the board's legal determination that the claimed invention as a 
whole would have been obvious to a person having ordinary skill in the art at the time the invention was 
made. We agree with the board that appellants 1 claimed invention would have been obvious in light of the 
Polisky reference alone or in combination with Bahl within the meaning of §103. Polisky contained 
detailed enabling methodology for practicing the claimed invention, a suggestion to modify the prior art to 
practice the claimed invention, and evidence suggesting that it would be successful. 
[21 Appellants argue that after the publication of Polisky, successful synthesis of protein was still 
uncertain. They belittle the predictive value of the observation that expression of the transcribed RNA in 
Polisky produced beta-galactosidase with a greater than normal molecular weight, arguing that since 
ribosomal RNA is not normally translated, the polypeptide chains that were added to the end of the 
beta-galactosidase were "junk" or "nonsense" proteins. This characterization ignores the clear implications 
of the reported observations. The Polisky study directly proved that a readthrough transcript messenger 
RNA had been produced. The preliminary observation showed that this messenger RNA was read and 
used for successful translation. It was well known in the art that ribosomal RNA was made of the same 
nucleotides as messenger RNA, that any sequence of nucleotides could be read in groups of three as 
codons, and that reading these codons should specify a polypeptide chain that would elongate until a stop 
codon was encountered. The preliminary observations thus showed that codons beyond the end of the 
beta-galactosidase gene were being translated into peptide chains. This would reasonably suggest to one 
skilled in the art that if the codons inserted beyond the end of the beta-galactosidase gene coded for a 
"predetermined protein," that protein would be produced. In other words, it would have been obvious and 
reasonable to conclude from the observation reported in Polisky that since nonsense RNA produced 
nonsense polypeptides, if meaningful RNA was inserted instead of ribosomal RNA, useful protein would 
be the result. The relative shortness of the added chains is also not a source of uncertainty, since one 
skilled in the art would have known that a random sequence of nucleotides would produce a stop codon 
before the chain got too long. 12 

Appellants complain that since predetermined proteins had not yet been produced in transformed bacteria, 
there was uncertainty as to whether this could be done, and that the rejection is thus founded on an 
impermissible "obvious to try" standard. It is true that this court and its predecessors have repeatedly 
emphasized that "obvious to try" is not the standard under §103. However, the meaning of this maxim is 
sometime lost. Any invention that would in fact have been obvious under §103 would also have been, in a 
sense, obvious to try. The question is: when is an 

Page 1681 

invention that was obvious to try nevertheless nonobvious? 

[3] The admonition that "obvious to try" is not the standard under § 103 has been directed mainly at two 
kinds of error. In some cases, what would have been "obvious to try" would have been to vary all 
parameters or try each of numerous possible choices until one possibly arrived at a successful result, where 
the prior art gave either no indication of which parameters were critical or no direction as to which of many 
possible choices is likely to be successful. E.g ., In re Geiger , 815 F.2d at 688, 2 USPQ2d at 1278 ; Novo 
IndustriA/S v. Travenol Laboratories, Inc ., 677 F.2d 1202, 1208, 215 USPO 412 , 417 (7th Cir. 1982); In 
re Yates, 663 F.2d 1054, 1057. 211 USPO 1 149 , 1 151 (CCPA 1981); In re Antonie . 559 F.2d at 621, 195 
USPQ at 8-9 . In others, what was "obvious to try" was to explore a new technology or general approach 
that seemed to be a promising field of experimentation, where the prior art gave only general guidance as to 
the particular form of the claimed invention or how to achieve it. In re Dow Chemical Co ., 837 F.2d, 469, 
473, 5 USPQ2d 1529 , 1532 (Fed. Cir. 1985); Hybritech, Inc, v. Monoclonal Antibodies, Inc ., 802 F.2d 
1367, 1380, 231 USPO 81 . 90-91 (Fed. Cir. 1 986), cert denied , 107 S.Ct. 1606 (1987); In re Tomlinson ; 
363 F.2d 928, 931, 150 USPO 623 , 626 (CCPA 1966). Neither of these situations applies here. 
\4] Obviousness does not require absolute predictability of success. Indeed, for many inventions that seem 
quite obvious, there is no absolute predictability of success until the invention is reduced to practice. There 
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is always at least a possibility of unexpected results, that would then provide an objective basis for showing 
that the invention, although apparently obvious, was in law nonobvious. In re Merck & Co ., 800 F.2d at 
1098, 231 USPOat 380 : Lindemann Maschinenfabrik GMBH v. American Hoist & Derrick Co ., 730 F.2d 
1452, 1461, 221 USPO 481 . 488 (Fed. Cir. 1984); In rePapesch , 315 F.2d 381, 386-87, 137USPO 43 . 
47-48 (CCPA 1963). For obviousness under §103, all that is required is a reasonable expectation of 
success. In reLongi , 759 F.2d 887, 897, 225 USPO 645 . 651-52 (Fed. Cir. 1985); In re Clinton , 527 
F.2d 1226, 1228, 188 USPO 365 . 367 (CCPA 1976). The information in the Polisky reference, when 
combined with the Bahl reference provided such a reasonable expectation of success. 
Appellants published their pioneering studies of the expression of frog ribosomal RNA genes in bacteria 
more than a year before they applied for a patent. After providing virtually all of their method to the public 
without applying for a patent within a year, they foreclosed themselves from obtaining a patent on a 
method that would have been obvious from their publication to those of ordinary skill in the art, with or 
without the disclosures of other prior art. The decision of the board is 

AFFIRMED . 



Footnotes 

Footnote 1 . Basic background information about molecular biology and genetic engineering, can be found 
in Alberts, Bray, Lewis, Raff, Roberts & Watson, The Molecular Biology of the Cell , 1-253, 385-481 
(1983) [hereinafter The Cell ]; Watson, Hopkins, Roberts, Steitz & Weiner, The Molecular Biology of the 
Gene , Vol. 1 (4th ed., 1987) 3-502 [hereinafter The Gene ]. These standard textbooks were used to 
supplement the information in the glossary supplied by appellants. The description here is necessarily 
simplified and omits important facts and concepts that are not necessary for the analysis of this case. 
Footnote 2. There are twenty amino acids: alanine, valine, leucine, isoleucine, proline, phenylalanine, 
methionine, tryptophan, glycine, asparagine, glutamine, cysteine, serine, threonine, tyrosine, aspartic acid, 
glutamic acid, lysine, arginine, and histidine. 

Footnote 3. Proteins are often loosely called peptides , but technically proteins are only the larger peptides 
with chains of at least 50 amino acids, and more typically hundreds of amino acids. Some proteins consist 
of several polypeptide chains bound together covalently or noncovalently. The term "peptide" is broader 
than "protein" and also includes small chains of amino acids linked by peptide bonds, some as small as two 
amino acids. Certain small peptides have commercial or medical significance. 

Footnote 4. Polypeptide chains fold up into complex 3-dimensiorial shapes. It is the shape that actually 
determines many chemical properties of the protein. However, the configuration of a protein molecule is 
determined by its amino acid sequence. The Cell at 1 1 1-12; The Gene at 50-54. 

Footnote 5. The sugar in DNA is deoxyribose, while the sugar in RNA, infra , is ribose. The sugar and 
phosphate groups are linked covalently to those of adjacent nucleotides to form the backbone of the long 
unbranched DNA molecule. The bases project from the chain, and serve as the "alphabet" of the genetic 
code. 

DNA molecules actually consist of two chains tightly entwined as a double helix. The chains are not 
identical but instead are complementary: each A on one chain is paired with a T on the other chain, and 
each C has a corresponding G. The chains are held together by noncovalent bonds between these 
complementary bases. This double helical structure plays an essential role in the replication of DNA and 
the transmission of genetic information. See generally The Cell at 98-106; The Gene at 65-79. However, 
the information of only one strand is used for directing protein synthesis, and it is not necessary to discuss 
the implication of the double-stranded structure of DNA here. RNA molecules, infra , are single stranded. 

Footnote 6. Chromosomes also contain regions of DNA that are not part of genes, i.e., do not code for the 
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sequence of amino acids in proteins. These include sections of DNA adjacent to genes that are involved in 
the control of transcription, infra , and regions of unknown function. 
Footnote 7. See The Cell at 185-194; The Gene at 208-10. 

Footnote 8. Poliskv, Bishop & Gelfand, A plasmid cloning vehicle allowing regulated expression of 
eukaryotic DNA in bacteria , 73 Proc. Natl Acad. Sci. USA 3900 (1976). 

Footnote 9. The promoter is a sequence of nucleotides where the enzyme that synthesizes RNA, RNA 
polymerase , attaches to the DNA to start the transcription of the beta-galactosidase gene. The operator is 
an overlapping DNA sequence that binds a small protein present in the cell, the lactose repressor protein. 
The lactose repressor protein binds to the operator and physically blocks the RNA polymerase from 
properly attaching to the promoter so that transcription cannot proceed. Lactose molecules interact with 
the lactose repressor protein and cause it to change its shape; after this change in shape it moves out of the 
way and no longer prevents the RNA polymerase from binding to the promoter. Messenger RNA coding 
for beta-gala ctosidase c an the n be transcribed. See generally The Cell at 438-39; The Gene at 474-8 0. 

Footnote 10. P'Farrell, Polisk & Gelfand, Regulated expression by readthrough translation from a 

plasmid-encoded beta-galactosidase , 134 J. Bacterid. 645 (1978). The heterologous genes expressed in 
these studies were not predetermined, but were instead unidentified genes of unknown origin. The authors 
speculated that they were probably genes from E. coli tha t were contaminants in the source of| 
beta- g alacto sidase g enes. Id . at 648 

Footnote 11. Itakura, Hirose, Crea, Riggs, Heynecker, Bolivar & Boyer, Expression in Escherichia coli of a 
chemically synthesized gene for the hormone samatostatin , 198 Science 1056 (1977). A pioneering 
accomplishment of the Itakura group is that the gene was not from a human source, but instead was entirely 
synthesized in the laboratory using chemical methods. It is not clear whether the appellants communicated 
only the results reported in the Polisky publication or whether they communicated the complete claimed 
invention. 

Footnote 12. The patent application indicates that chains as long as 60 amino acids were added, which is 
hardly a trivial length of polypeptide. 

- End of Case - 
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